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FIG. 6. Schematic cross section of the measurement setup with test fixtures.
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5. Results

The frequency shift as a function of intensity is plotted in Fig.5. The
dashed linc is a fitted linc of a data before installation and the solid line is that
after the installation. The slope of dashed line can be solely explained by space
charge impedance, that is calculated as 440 ohms. On the other hand, the slope
of solid lines is halved. Therefore, the inductive impedance made by the
FINEMET cancels the half of the space charge impedance.
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Fig.5 The measured frequency shifts of the quadrupole oscillations as a function of the beam
intensity are plotted. The closed circles and squares are the frequency shift before the
installation of the impedance tuner and afier the installation, respectively,
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Los Alamos April 23, 1997 10
e When |H,| < H,, the equation of motion is

dM L
o = v(¢M, x Hi + 2M x H,)
where v = 2.80 x 2m MHz/Oersted is the gyromagnetic ratio of

the electron. Defining the magnetic susceptibility tensor X as

M, = X H 1, the solution is

=1
|
S,
A
>
o

\ 0 0 O )
where
X _ W Kk wwn
o w?—w?’ o  wi— w?

and eeomomct. ‘FNS{, L"“&L ‘4 )hM

e There is a resonance at the gyromagnetic resonant frequency

3

w. = vH,, which is proportional to the dc H,.. This explains why

we want H, to be large so that the resonance effect can be avoided.



Los Alamos April 23, 1097 ¥
e Loss can be included by letting w, — w, — iwa, giving
X _ (@[ 1+
Fo[(2)-1- az] +4(4)% 2
¢ (B)e|() 1]

O R 7

Note that, actually the above depend on only M, and o.

e Usually the ac field comes from a cavity. Then, w will not be
changed by very much and can be considered fixed except very
near to the resonance. Therefore, x is plotted as a functior{ of H,
This explains why the formulas have been written as a function of

we/w.

e In our application, the ac field comes from the beam particles. So

w has the i‘ange of the bunch spectrum. Therfore, w/(27) is about

~ 2.8 MHz.

-

e The merit of this application is the low loss, because the ferrite is

saturated, there will not be hysteresis loss. The only loss is due to

—

spin wave which is small. The disadvantage is p’ is usually small.
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The present situation

e Choose Toshiba M4Cs) 4, which has saturated flux density of

~ 32 kG at ~ 1 kOersted (77).
e Thus, M, =32 —-1=31kG.

e Choose H, = 1 kOe.
This gives resonant frequency w./(27) = yH,. = 2.8 GHz.

Up to 10 MHz, p' ~ M,/H, = 31.

o With ferrite of inner and outer diameters 5 in and 8 in to cancel
IZ”/TLISP ch = 100 Q,

we need a length of £ = 4 m of ferrite is required.

e For a machine that ramps, the dc bias field H should be increased

during ramping,.

@~ o5 ~ 10
e At low frequencies, the loss is p” — ¢%%¥m

We

e Take a typical value of o = 0.05, we find u” varies linearly at lows

frequencies and is extremely small.
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Tromsedd beave de,u?f
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image current image current
++++ — Beam
— + —

E

FIG. 11. As a positively charged bunch passes through a cavity, the image current leaves a
negative charge at the ubstream end of the cavity gap. As the image current resumes atvthe
downstream side of the cavity, a positive charge is created at the downstream end of the gap
because of charge conservation, thus setting up an electric field £ and therefore the transient

beamloading voltage.

S E.
T

1
Digital pulse - - 20,kV programmable

generator — [Vsg| power supply.

300 kW Tetrode

FIG. 12. In the design of the future Fermilab proton driver, the beam linear charge density is
monitored and fed into a tetrode, which supplies the same chzzrge density to the downstream end

of the cavity gap. Thus the transient beamloading voltage is cancelled.
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Voltage Seen per Turn (MV)

FIG. 9. Beamloading voltages seen by particles in the 4-cm bunch as they traverse the

wake-potential compensating cavities. The particles are at distance behind the bunch center in
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FIG. 10. Beamloading voltages seen by particles in the 13-cm bunch as they traverse the

wake-potential compensating cavities. The particles are at distance behind the bunch center in
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